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$x(t)$ - $p(t, f)$
$p(t, f)\geq 0$ , ( )
$\int_{-\infty}^{\infty}p(t, \tau)d\tau=\mathcal{T}(t)$ , $\int_{-\infty}^{\infty}p(\nu, f)d\nu=\mathcal{F}(f)$ , ( ) (1)
$\mathcal{T}(t)=|x(t)|^{2}$ $\mathcal{F}(f)=|X(f)|^{2}$
$1_{o}$
Cohen, Zaparovanny, Posh -
[1, 2]
$p(t, f)=\mathcal{T}(t)\mathcal{F}(f)\Omega(T(t), F(f))$ (2)
$T(t)=\int_{-\infty}^{t}\mathcal{T}(t’)dt’$ , $F(f)=\int_{-\infty}^{f}\mathcal{F}(f’)df’$ (3)
$x(t)$ $E_{x}= \int|x(t)|^{2}dt=1$ 2 $\Omega$
$\int_{0}^{1}\Omega(u, v)du=\int_{0}^{1}\Omega(u, v)dv=1$ (4)
$1X(f)= \int_{-\infty}^{\infty}x(t)e^{-j2\pi f^{t}}dt$
2 (1) (3) $E_{x}$
1684 2010 1-12 1













1 2 Copula $C$ $[0,1]^{2}$ $[0,1]$
1. $C(u, 0)=C(O, v)=0$ for all $(u, v)\in[0,1]^{2},\cdot$
2. $C(n, 1)=u$ and $C(1, v)=v$ for all $(u, v)\in[0,1]^{2}$ ;
3. For all $(u_{1}, n_{2}, v_{1}, v_{2})\in[0,1]^{4}$ such that $u_{1}\leq u_{2}$ and $v_{1}\leq?f2$ ,
$C(u_{2}, v_{2})-C(u_{2}, v_{1})-C(\iota\iota_{1}, v_{2})+C(u_{1}, v_{1})\geq 0$ .
1 (Sklar’s theorem [7]) $P(x, y)$ $X(x)$ $Y(y)$
$(.\mathfrak{r}, y)\in R^{2}$
$P(x, y)=C(X(x), Y(y))$ . (5)
Copula $C$ $X(x)$ $Y(y)$ $C$
C Range $[X(x)]\cross$ Range$[Y(y)]$
$X(x)$ $Y(y)$ $C$ Copula (5) $P(x, y)$
X $(x)$ $Y(y)$
1 Copula
(5) $P(x, y)$ $C(u, v)$
2 $Q$ $Q^{(-1)}$
$Q(Q^{(-1)}(u))=u$ , if $u\in$ Range[Q] (6)
$Q^{(-1)}(u)=\inf\{x|Q(x)\geq u\}$ , otherwise. (7)
2
1 $P(.\iota\ovalbox{\tt\small REJECT}\cdot, y)$ $X(\prime l\cdot)$ $Y(y)$
$X^{(-1)}(.c)$ $Y^{(-1)}(y)$ $X(.l.\cdot)$ $Y(y)$ $C$
Copula
$C(n, v)=P(X^{(-1)}(.r),$ $Y^{(-1)}(y))$ . (8)
2.2 - Copula
Copula - Copula
Cohen, Zaparovanny, Posh -
(2) $p(t, f)$ $P(t, f)$
$P(t, f)=\int_{-\infty}^{t}\int_{-\infty}^{f}p(\tau, \nu)d\tau d\nu$
$=\Omega(T(t), F(f))$ (9)
$\Omega(u, v)=\int_{-\infty}^{u}\int_{-\infty}^{v}\Omega(u’, v’)du’dv’$ (10)
Cohen, Zaparovanny, Posh -
$\Omega$ Copula -
-
$P(t, f)=C(T(t), F(f))$ . (11)





$S(t, f),\tilde{T}(t)$ $\tilde{F}(f)$ $S(t, f)$
Copula $C^{s}$
$C^{s}(u, v)=S(\tilde{T}^{(-1)}(u),\tilde{F}^{(-1)}(v))$ , (12)
$\tilde{T}^{(-1)}(u)$ $\tilde{F}^{(-1)}(v)$ $\tilde{T}(t)$ $\tilde{F}(f)$
$P(t, f)$














$X(f)$ $x(t)$ $P(t, f)$
$t$ $f$ $-$ $P(t, f)$
$P(t, f)= \frac{\partial^{2}}{\partial t_{\text{ }}\partial f}P(t, f)$ . (19)
2.3 - Copula
$x(t)$ $S(t, f)$ $x_{n}(t)$
$\overline{S}_{spec}(t, f)$ (14)
$S(t, f)=\overline{S}_{spec}(t, f)=E[6_{spec}^{\gamma}(t, f)]$ (20)
$= \frac{1}{N}\sum_{n=1}^{N}S_{spec,n}(t, f)$ , (21)
$S_{spec.n}(t, f)=| \int_{-\infty}^{\infty}x_{n}(\tau)h(t-\tau)e^{-j2\pi f\tau}d\tau|^{2}$ , (22)
















- [11, 12] ,
Spectral Flatness Measure(SFM)
$\Lambda^{(\alpha)}$





$x(t)$ $x(t)$ $p(\lambda)$ , $x(t)$
$\alpha$
$W^{(\alpha)}$ [9, 10]













3.1.2 Spectral Flatness Measure
Spectral Flatness Measure: SFM
[17, 18, 19, 20, 21] SFM
$W^{(\alpha)}$ SFM
$x$ $0$ , $\sigma_{x}^{2}$ Gauss
$p(\lambda)(|\lambda|\leq 1/2)$ $x$ $x^{(N)}=\{x(O), x(1), \cdots, x(N-1)\}$
$\epsilon^{(N)}=\{\epsilon(0), \cdots, \epsilon(N-1)\}$ $\epsilon(0)=x(0)$ aiid $\epsilon(k)=.c(k)-\hat{x}(h:)(1\leq k\leq N-1)$
.$\hat$x(k) $X(k)$ $\{x(O),$ $x(1),$ $\cdots,$ $x(N-$
$1)\}$ $H_{k-1}(.c)$ $x^{(N)}$















$J= \int_{-12}^{1/2}\log p(\lambda)d\lambda$ . (33)








$D_{\alpha}(p||q)= \frac{1}{\alpha-1}\log\int_{-1/2}^{12}p(\lambda)(\frac{p(\lambda)}{q(\lambda)})^{\alpha-1}d\lambda$ . (35)
$q(\lambda)=w(\lambda)$
$D_{\alpha}(p||w)= \frac{1}{\alpha-1}\log\int_{-12}^{1’ 2}p(\lambda)^{\alpha}d\lambda=-H^{(\alpha)}$ (36)




$= \frac{1}{\alpha-1}\log\int_{-12}^{1\prime 2}p(\lambda)^{1-\alpha}d\lambda=-J^{(\alpha)}$ . (37)
(37) $\alphaarrow 1$ 1 Renyi
$-D_{1}(w||p)$ (33) Burg $J$
(37) $J^{(\alpha)}$ Burg
$J^{(\alpha)}$ SFM ASFB





$r_{\ovalbox{\tt\small REJECT}}(t)$ $p(f, f)$ (27)
, $|\cdot\uparrow^{r}(\alpha)$ $M^{r(c\nu)}(t)$
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